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(57)Abstract: 

PURPOSE: To form a contact hole which is superior in reliability and 
' pothness by filling a contact hole with material the same as an 
upper layer wiring. 

CONSTITUTION: Impurity regions 307 and 308 are formed on the 
surface of a substrate, and lower layer wirings, that is, an n-type 
polycrystalline silicon layer 306 and a tangusten silicide layer 311 are 
formed on the substrate. First and second BPSG films 309 and 312 
are further deposited on this substrate, and the second contact hole 
2 are opened in the depositions. A polycrystalline silicon layer 314 in 
which the contact hole 2 is buried (see figure (a)), is then subjected 
to an etch back process, thereby producing a polycrystalline silicon 
plug 314a. An aluminum layer 315 is then formed on this assembly 
(see figure (b)). This assembly undergoes a heat process in a reducing 
atmosphere, so that aluminum and silicon are diffused into each 
other. Thus, the conductor and wiring layer inside the contact hole 
are composed of silicon-containing aluminum. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st conductor layer formed through the insulator layer on the diffusion layer formed in the front 
face of a semi-conductor substrate, or the semi-conductor substrate, In the semiconductor device with 
which the 2nd conductor layer which was formed on the wrap insulating layer in said diffusion layer or said 1st 
conductor layer, and which makes a metallic material a subject was formed in said insulating layer and to 
which the aspect ratio is connected through one or more contact holes The semiconductor device 
characterized by embedding said contact hole with the ingredient equivalent to the ingredient of said 2nd 
conductor layer. 

[ jim 2] The semiconductor device according to claim 1 constituted with the ingredient with which said 2nd 
conductor layer makes aluminum a subject. 

[Claim 3] The semiconductor device according to claim 1 or 2 with which the refractory metal thin film or the 
refractory metal compound thin film is formed in the side face of said contact hole, and the base of a contact 
hole under said 2nd conductor layer. 

[Claim 4] The process which forms an insulating layer on the 1st conductor layer formed through the insulator 
layer on the diffusion layer formed in the semi-conductor substrate front face, or the semi-conductor 
substrate, The process at which a contact hole is formed in said insulating layer, and the front face of said 
diffusion layer or said 1st conductor layer is exposed, The said insulating-layer and layer top of said 1st 
ingredient with the 2nd ingredient which serves as a process which embeds the inside of said contact hole 
with the 1st ingredient from a metal A wrap process, The manufacture approach of a semiconductor device 
including the process which forms the 2nd conductor layer which consists of the 2nd ingredient which the 1st 
ingredient and 2nd ingredient are made to diffuse mutually, and contains the 1st ingredient by heat treatment 
[Claim 5] The manufacture approach of a semiconductor device according to claim 4 that said 1st ingredient 
is silicon and said 2nd ingredient is aluminum. 

[Claim 6] The process which forms an insulating layer on the 1st conductor layer formed through the insulator 
laver on the diffusion layer formed in the semi-conductor substrate front face, or the semi-conductor 
. jstrate, The process at which a contact hole is formed in said insulating layer, and the front face of said 
diffusion layer or said 1st conductor layer is exposed, The process which covers said contact hole wall and a 
contact hole base with a refractory metal thin film or a refractory metal compound thin film on said insulating 
layer, The said refractory metal thin film or refractory metal compound thin film, and layer top of said 1st 
ingredient with the 2nd ingredient which serves as a process which embeds the inside of said contact hole 
with the 1 st ingredient from a metal A wrap process, The manufacture approach of a semiconductor device 
including the process which forms the 2nd conductor layer which consists of the 2nd ingredient which the 1st 
ingredient and 2nd ingredient are made to diffuse mutually, and contains the 1st ingredient by heat treatment 
[Claim 7] The manufacture approach of a semiconductor device according to claim 6 that said 1st ingredient 
is silicon and said 2nd ingredient is aluminum. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the semiconductor device which comes to connect between a 
diffusion layer or a wiring layer mutually through a contact hole especially, and its manufacture approach 
about a semiconductor device and its manufacture approach. 
[0002] 

[Description of the Prior Art] The conventional connection structure by the contact hole is explained with 
r^erence to drawing 5 thru/or drawing 7 . The 1st conventional example forms n mold impurity range 507 in 
t /field surrounded by the field oxide 504 of the front face of the p-type silicon substrate 501, as shown in 
drawing 5 . The 1st BPSG (boron **** silicate glass) film 509 with a thickness of 0.4 micrometers is formed 
on it After forming the tungsten silicide layer 51 1 with a thickness of 0.2 micrometers and the 2nd BPSG film 
512 with a thickness of 0.5 micrometers on it, opening of the contact hole 513 with a diameter of 0.6 
micrometers is carried out, and the aluminum layer 517 of 0.5 micrometers of thickness is formed by the 
sputtering method. 

[0003] If the ratio of the depth to the diameter of a contact hole, i.e., an aspect ratio, becomes one or more, 
since step coverage (ratio of the thickness of the level difference section to the thickness on a flat surface) 
will become 0.1 or less and resistance with a contact hole will increase aluminum by the sputtering method, 
when an aspect ratio is large, this conventional example is not practical. 

[0004] What is shown in drawing 6 and drawing 7 is the sectional view of the conventional example where the 
cure against step coverage was made, and the reference number with which double figures are common the 
bottom is given to the part which is common in drawing 5 in these drawings. In the example of drawing 6 , 
after puncturing the contact hole 613 with a diameter of 0.6 micrometers, the tungsten plug 618 with a 
thickness of 0.4 micrometers is formed only in a contact hole with a selection CVD method, and the aluminum 
layer 619 of 0.5 micrometers of thickness is further formed by the sputtering method. 

r n °05] According to this approach, the aspect ratio of the contact hole on n mold impurity range 607 can be 
h.-de small to about one, and can improve the step coverage of aluminum. However, if it is going to improve 
further and thickness of a selection CVD tungsten plug is thickened, since a selection CVD tungsten plug will 
rise and it will have a bad influence on micro processing in the contact hole of the shallower one, the 
improvement beyond this is not expectable. 

[0006] In the example of drawing 7 , after puncturing the contact hole 713, polycrystalline silicon with a 
thickness of 0.8 micrometers is uniformly formed with a CVD method, the polycrystalline silicon plaque 720 is 
alternatively formed in a contact hole by the etchback method, and the aluminum layer 721 is further formed 
by the spatter. 

[0007] In this example, since an aspect ratio can be made or less into about 0.1 on one on n mold impurity 
range 707 and the tungsten silicide layer 711 of contact holes, the step coverage of aluminum is sharply 
improvable, in order [ however, ] to lower resistance to the polycrystalline silicon plug in a contact hole in this 
conventional example — the impurity of n mold or p mold — high concentration — it is necessary to dope — 
further — n mold impurity range top — n mold — p mold impurity range top — p mold — ** — since it is 
necessary to change and dope a conductivity type, there is a fault that a production process becomes 
complicated. 
[0008] 

[The technical problem which invention makes solution ******] In the 1st conventional example mentioned 
above, since step coverage fell, connection resistance with a contact hole became high, and it was easy to 
produce a disconnection fault, and there was a fault which worsens the dependability of a semiconductor 
device. Moreover, since the inside of a contact hole is not laid underground with a conductor, it will be 
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necessary to lay this underground and will be accompanied by difficulty on a process with the insulator 
formed in the upper part of wiring. Moreover, the limitation was in the improvement of an aspect ratio, and 
there were problems, like a process becomes complicated in the 2nd and 3rd conventional example. 
[0009] 

[Means for Solving the Problem] The 1st conductor layer formed through the insulator layer on the diffusion 
layer or semi-conductor substrate with which the semiconductor device of this invention was formed in the 
front face of a semi-conductor substrate, The 2nd conductor layer which was formed on the wrap insulating 
layer in said diffusion layer or 1st conductor layer and which makes a metallic material a subject It is 
characterized by connecting the aspect ratio formed in said insulating layer through one or more contact 
holes, and embedding said contact hole with the ingredient equivalent to the ingredient of said 2nd conductor 
layer. Here, aluminum is used for a metallic material. 

[0010] Moreover, the process which forms an insulating layer on the 1st conductor layer formed through the 
insulator layer on the diffusion layer or semi-conductor substrate with which the manufacture approach was 
formed in the semi-conductor substrate front face, The process at which a contact hole is formed in said 
insulating layer, and the front face of said diffusion layer or said 1st conductor layer is exposed, The said 
insulating-layer and layer top of said 1st ingredient with the 2nd ingredient which serves as a process which 
embeds the inside of said contact hole with the 1st ingredient from a metal A wrap process, The process 
which forms the 2nd conductor layer which consists of the 2nd ingredient which the 1st ingredient and 2nd 
ingredient are made to diffuse mutually, and contains the 1st ingredient in high concentration by heat 
t itment is included. Here, polycrystalline silicon is used for the 1st ingredient and aluminum is used for the 
2nd ingredient. 
[0011] 

[Example] Next, the example of this invention is explained with reference to a drawing. Drawing 1 is the 
sectional view showing the 1st example of this invention, (a) of drawing 2 and (b) are the process sectional 
views for explaining the production process. In order to manufacture this example, first, on the p-type silicon 
substrate 101, p mold and n mold impurity range are diffused alternatively, and the p well 102 and the n well 
103 are formed. Next, field oxide 104 with a thickness of 0.5 micrometers, gate oxide 105 with a thickness of 
20nm, and n mold polycrystalline silicon layer 106 with a thickness of 0.3 micrometers are formed 
alternatively, and sequential formation of n mold impurity range 107 and the p mold impurity range 108 is 
alternatively carried out with ion-implantation after that. 

[0012] Next, after forming the 1st BPSG film 109 with a thickness of 0.4 micrometers and forming the 1st 
contact hole 110 with a diameter of 0.6 micrometers alternatively, the tungsten silicide layer 111 with a 
thickness of 0.2 micrometers is formed. Next, after forming the 2nd BPSG film 112 with a thickness of 0.5 
micrometers and puncturing the 2nd contact hole 113 with a diameter of 0.6 micrometers alternatively, the 
polycrystalline silicon layer 114 with a thickness of 0.6 micrometers which lays the inside of the 2nd contact 
hole underground, and extends on the 2nd BPSG film 1 12 is formed [(a) of drawing 2 ]. 

F jl3] Next, etchback of the polycrystalline silicon layer 114 is carried out, and polycrystalline silicon plaque 
1 1 4a is alternatively formed in the 2nd contact hole 113. Next, the aluminum layer 115 with a thickness of 0.5 
micrometers is formed by the sputtering method, and patterning of this is carried out [(b) of drawing 2 ]. 
[0014] Next, counter diffusion of the silicon in polycrystalline silicon plug 114a and the aluminum of the 
aluminum layer 115 is carried out by heat-treating in 450-degree C reducing atmosphere. It becomes the form 
where silicon was absorbed by aluminum by the quantitative difference between silicon and aluminum at this 
time, and aluminum layer 115a which contains silicon here at high concentration is generated, and as shown in 
drawing 1 , polycrystalline silicon plug 114a is permuted by generated silicon content aluminum layer 115a. 
[0015] In addition, in the above-mentioned counter diffusion process, since the silicon contained in n mold 
impurity range 107, p mold impurity range 108, and n mold polycrystalline silicon layer 106 has counter 
diffusion with aluminum barred by existence of a high-concentration impurity, it does not absorb [ aluminum ]. 

[0016] Thus, the semiconductor device of the structure which laid the inside of the 2nd [ on an impurity range 
or a lower layer wiring layer ] contact hole underground with silicon content aluminum can be obtained by the 
very easy approach, and the dependability of a contact field can be raised by leaps and bounds, and formation 
of the insulator of the upper part of wiring can be made easy. 

[0017] Drawing 3 is the sectional view showing the 2nd example of this invention, and (a) of drawing 4 and (b) 
are the process sectional views for explaining the manufacture approach. In drawing 3 and drawing 4 , the 
reference number with which double figures are common the bottom is given to a part equivalent to the part 
of the previous example shown by drawing 1 R> 1 and drawing 2 , and the duplicate explanation is omitted. 
[0018] After forming the 2nd BPSG film 312 and puncturing the 2nd contact hole 313 alternatively as shown 
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in (a) of drawing 4 in order to manufacture this example, the polycrystalline silicon layer 314 with a thickness 
of 0.6 micrometers which lays the inside of the nitriding titanium layer 316 and the 2nd contact hole 313 with 
a thickness of 0.1 micrometers underground, and extends on the 2nd BPSG film 312 is formed. The process 
after this is the same as a previous example except for the point of also performing patterning of the nitriding 
titanium layer 316 to coincidence at the time of patterning of the aluminum layer 315. 

[0019] In this example, in the counter diffusion process of the silicon of polycrystalline silicon plug 314a, and 
the aluminum of the aluminum layer 315, since the nitriding titanium layer 316 intervenes between 
polycrystalline silicon plug 314a, and impurity ranges 307 and 308 and n mold polycrystalline silicon layer 306, 
the counter diffusion between the silicon of these impurity ranges or a polycrystalline silicon layer and 
aluminum is prevented nearly completely. That is, the point of excelling as compared with the 1st example of 
this example is existence of nitriding titanium, and, thereby, its selectivity of the counter diffusion of silicon 
and aluminum is improving by leaps and bounds. 

[0020] Although the desirable example was explained above, this invention is not limited to these examples 
and various alterations are possible for it. For example, after the counter diffusion of aluminum and silicon is 
completed, it may be made to perform patterning of the aluminum layers 115 and 315. 
[0021] 

[Effect of the Invention] In what connects a diffusion layer, a lower layer wiring layer, and the upper wiring 
layer through a contact hole, as explained above, since the inside of a contact hole is embedded with the 
same metallic material as the upper wiring layer, according to this invention, if the semiconductor device of 
t' * ^ invention raises the dependability of the contact section by leaps and bounds, it can be **(ed), and can 
tuim the insulator layer of a good configuration in the upper part of the upper wiring layer easily. 
[0022] Moreover, the manufacture approach of the semiconductor device of this invention lays the 1st 
ingredient underground beforehand in the contact hole. After forming the layer of the 2nd ingredient which 
consists of a metallic material for constituting the upper wiring on it Counter diffusion of the 1st ingredient 
and 2nd ingredient is carried out, and since the 2nd ingredient containing the 1st ingredient constitutes the 
conductor and wiring layer in a contact hole, reliable interlayer connection structure can be acquired by the 
very easy approach. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view showing the 1st example of this invention. 

[Drawing 2] The process sectional view for explaining the production process of the 1st example of this 
invention. 

[Drawing 3] The sectional view showing the 2nd example of this invention. 

[Drawing 4] The process sectional view for explaining the production process of the 2nd example of this 
invention. 

[Dr awing 5] The sectional view of the 1st conventional example. 
L awing 6] The sectional view of the 2nd conventional example. 
[Drawing 7] The sectional view of the 3rd conventional example. 
[Description of Notations] 

101, 301, 501, 601, 701 — P-type silicon substrate 102 302 — p well, 103 303 — n well 104, 304, 504, 604, 
704 — Field oxide, 105 305 — 106 Gate oxide, 306 — n mold polycrystalline silicon layer, 107, 307, 507, 607, 
707 — n mold impurity range, 108 308 — p mold impurity range 109, 309, 509, 609, 709 — 1st BPSG film, 110 
310 — 1st contact hole 1 1 1, 31 1, 51 1, 61 1, 71 1 — Tungsten silicide layer, 112, 312, 512, 612, 712 — 2nd 
BPSG film, 113 313 — 2nd contact hole 513, 613, 713 — Contact hole, 114 314 — Polycrystalline silicon 
layer 114a, 314a — Polycrystalline silicon plug, 115 315 — Aluminum layer 115a, 315a — Silicon content 
aluminum layer 316 [ 618 — A tungsten plug, 720 — Polycrystalline silicon plug. ] — A nitriding titanium layer, 
517, 619, 721 — Aluminum layer 
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^Aill5a $ ft. m 1 CC^-T <fc 5 CC^fe«-> 

ij 33 yi 14a li^fiES tltcis »J ^ >*ffr^ S 

r-^ AH 1 15 atCJ:^TI}^tl4. 
[0015] ttte % ±fSffl5ffi^X^CC4dt^T, nM^ 
««J«« 107, p S^F»tt«« 108, n iS^tea^ 
1 0 6 (D*tC^$ft^^ ^SJSO^ 

[0016] CCD J: 5KH/rT*HH«B*t>TJiE«Ui± 

[0 0 1 7 3 B3tt, *^o»2CD**feW ; &^-r®T® 
it*^ S4(D(a) . (b) »*<D»Jfi*ffi*ttW 
T*fc*©XglKffiH"C*5. H3. S4tCtel^T, H 
1, H2T*Sn^^lt«©*»4H*©»»*CB 
T 2 *»JK*»*W^* »aufcS»Wtt*K 

[0018] *WSW%«JS"T*«ctt, i4(D ( a) CC 
^3ft^J:^tC, »20BPSG«3 1 2 4JBfiSb. 31 



(4) 

5 

«?Wtc»2<Da>** h?L3 1 3«WLLMJL »3 * 
0. 1 uro©gft**-£A»3 1 6<fc»2©=i:/** 
h?L3 1 3ft£ifl£UTlfl2<7>BPSG]iS3 1 2±tCii 
£T<i>JI3 0. 6 //m<D^JgS->»;^»i3 1 4*JB0c 

-^>^B#CCl5jB$tC^t^^^^^li3 1 6^^-- 

[0 0 1 9 ] 3M6fc«K:*$t»Ttt, ^*Sb^v ! J^>^^ 
^3 1 4 a<D*>y :a>£TJi/5 ^^AI3 1 5<DT;l/^ 
^■?A£©tHSffi»Xafctel>T, ^^'J^y^? 10 
y3 14a^«ttM3 0 7, 3 0 8, n3S£*SSr> 
V3>i3 0 6 ^(DPtlittttMft^-^Ajf 3 1 6#:ft 

CD*> y 3 > <b T ;U 5 ~ * A <b CDia©ffi51t*«Kta3E± 
©»^*JIIBt?**. ^T^^OAll 15,3 

i 5cd^£-~ >^i*, r;ua ^^A<b-> ^>i(Dta 
St£fffc#$*T L /c&K: ft *> J: 5 «c 4> J: I > . 
[002 1 ] 

e^ia^e ± m-o&wttmfo * -> -cm#>& stitch 

[0 0 2 2 ] gfc, *»M04yW**6iBO«JS*ffi». 



»H¥5- 13 594 

6 

S 1 <Dt**4 W U fc* 2 ©****«: <fc o "C^f^ & fc <D 

[si] -fc&yi&m i <Die»w**'rtRffiia. 

[02] ##fe*JJKD!f! i © wt«(D«axs«:« wr £ 

[03] #lfeHJ3<0!B 2 ©llftM**?" WrffiB. 
[04] *ffel9i<&SI 2 CD^JSFllOMigXfl^l^B^'r S 
fe«><DI«*fflBHI. 
[0 5] Ml Ott*W0BlH. 
[0 6] m2CDfi£*^<7)»Tffiilc 
[07] SH 3 0fi»«<DIRffiia. 

101, 301, 501, 601, 7 0 1 -piavya 
>S«, 1 0 2, 3 0 10 3, 

3 0 3-n-J*^, 104, 304, 504, 60 
4. 7 0 4-7 -f-JUFBHUL 1 0 5, 3 05- 

h»ftiR> i o 6, 306 -.n fi?MAv y =»> 

B. 1 07, 3 0 7, 5 0 7, 6 0 7, 7 0 7 ••• n 
SS^PJtWfHW. 1 0 8, 3 0 8-p STttVlttttL 

1 0 9, 3 0 9, 509, 6 0 9, 7 0 9-»lO 
BPSGE 110, 3 1 0-JHl©:3>**h 
tL 111, 311, 511, 611, 7 1 1~* 
>^r»'J^ FJf, 112, 3 12, 5 1 
2. 612, 7 12-»2©BPSGi, 113, 
3 1 3-*2©3>*ft F?L 5 13, 6 13, 7 
1 3-n>*£ F?L 114, 3 1 4-^ll*a^y 
114a, 3 14a-WSa^';3>^7 
115, 3 1 115 
a, 3 1 5 a->'j3>MT;^^»)AB, 3 1 
e-Mt^f-SAJI. 5 17, 6 19, 7 2 1- 7^ 
6 18-^>Wf>77^ 720 



[0 1 ] 



[05] 



(5) 
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[03] 



[02] 



309 312 



310 311 3 f 306 313 




101.30V 
102.302 
103.303- 
104.304- 
105.305-- 
106.306- 
107307- 
108.308 



109.309-- mmePSGM 

110.310 - 

111.311 5>>^^>^utM>*j» 

112.3l2-«B3BPSGfl» 
113.313 " m20DD>5'^K7l 
1 15Q.3 15a- y'^^W^^^AB 
316 - »bf^-OAJ» 



109 H2 




105 
106 I 'PS 




115~ :?;i/5-OAJB 



34] 



[B6] 



311 306 





501.601--pgJ5Aa>&fc 512.612- ST2<BBPSGBJI 
504, 6CK-- :x-JUKBtf tj« 513. 613- n>5^h5L 
507.607 - nfflWMMM 517- 
509.609- ttl&BPSGK 6i8-^^>^-^r 
5 1 1 . 6 1 1 - i^^Tv/^J+MKJB 6 19- 7 )V ^ n O fi 



314- ^«H»v'J3>® 
315- 

316 • Aft**- 1 *** 
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713 713 




720 707 



70)-pS!>*JP>»K 
704- ^-JUKK-ftK 
707- nM^$&#rtS# 
709- SnoaBPSGJBI 
711 - &X7XrZ&JVJ£13 

713- 3>^^h5l 

720- ^ass^xx^^r 
721 ■ -?>\>^-oum 
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